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is a portfolio manager and financial-industry researcher in Geneva, Switzerland. daniele.lamponi@gmail.com S ince the creation of the efficient market hypothesis and the formulation of the modern portfolio theory (Markowitz [1952] ; Sharpe [1964] ; and Lintner [1965] ), academics and practitioners have focused their research on the validity of the theoretical framework and on its potential violations. A few market anomalies have been pointed out and exploited by the community of investing professionals-in the beginning by hedge funds and sophisticated investors, and more recently by the global mutual fund industry. Long, ongoing discussions about the explanations of these anomalies have arisen between the partisans of rational and those of behavioral finance, the first claiming that they represent risk premia, the second that they are the expression of human behavior.
Independent of the explanation, these market anomalies, among them value (Fama and French [2006, 2007] and Chan and Lakonishok [2004] ), momentum (Chan et al. [1996] and Rouwenhorst [1998] ), short-term mean reversion ( Jegadeesh [1990] and De Groot et al. [2012] ), and size (Banz [1981] and Fama and French [1992] ), are exploited as investment strategies and have been widely studied in the literature. Interestingly from the investment perspective, the dependence structure of these strategies has been put forward (Asness [1997] and Asness et al. [2013] ). Although there is a broad consensus about the existence of these market inefficiencies, their erosion has been suggested lately by Jones [2010] , Schwert [2003] , and Hwang and Satchell [2007] .
Recently a few brokers and practitioners have begun looking at the correlation structure of stock returns. The main motivation is that correlation among equities has increased in recent years, reducing the scope for diversification and the possibility of stock picking. Explanations for the rise in correlation between factor returns have tended to emphasize recent changes in investment practice, including macro-factors, such as risk on/risk off strategies or country bets, and structural factors, such as the increasing usage of ETFs and futures (see Kolanovic et al. [2010] and Mezrich [2012] ) and the increasing prevalence of high-frequency trading (Kolanovic et al. [2010] ). But what about quantitative investment strategies based on classical factors? Can the classical strategies perform in a high-correlation investment space? Here we address this question by studying simple momentum, value, size, and mean-reversion investment strategies in the U.S. stock market for the period from August 1928 to September 2012.
For this purpose we use long-term data available on K. French's web site (French [2012] ) in order to construct basic investment strategies while neglecting all practical issues related to their implementation, such as trans-
action costs or constraints on short selling. Anticipating our results, we empirically find that, within the limitations of the adopted theoretical framework, each strategy experiences a loss of efficacy (risk-adjusted performance) when our ex ante measure of correlation increases. All strategies appear to be caught in a correlation trap.
We show that this effect is present over the whole period studied and not restricted to the last few years. Unexpectedly, the correlation trap can also be observed before quantitative investing became an important component of the financial markets; it should therefore be regarded as a risk property of this investment type.
Portfolio managers, as well as professionals involved with the selection of funds could use our results as part of their effort in timing single factors or strategies. Additionally, risk managers could profit from the methodology to forecast factor crowding and to monitor portfolios.
The next section presents a review of the dataset, followed by a description of the methodology used to construct the investment strategies and to define our measure of correlation. We present the main empirical results thereafter, together with a sensitivity analysis of the results with respect to the last few years. A conclusion follows.
DATA
The dataset is taken from the website of K. French (French [2012] ), which provides daily data for portfolios composed of U.S. stocks ranked by specific criteria. Each criterion is associated with a factor. Here we consider the following factors: value, momentum, size, and mean reversion (short-term reversal). In the framework of Fama-French and multi-factor modeling, each factor represents a risk premium. NYSE, AMEX, and NASDAQ stocks comprise the investable universe. Decile portfolios are composed of one tenth of the investable universe. Securities are value weighted. Daily and monthly data are available for all deciles for the period from November 1926 to September 2012. Although daily and monthly data are consistent for the decile portfolios based on momentum, value, and size factors, the same does not hold for mean reversion, casting some doubts on the quality of the mean-reversion data used. The deciles are constructed by ranking the securities in the investable universe according to specific criteria and at a fixed frequency. Exhibit 1 reports the ranking criteria and frequencies. Value is rebalanced each June, with ranking done on the ratio book equity over market equity. Size is also rebalanced each June, with ranking done on market equity. Momentum and mean reversion are rebalanced monthly, and the ranking is based on the past 12-month returns, skipping the last month and on the last month returns, respectively. Details on the underlying data and the construction of the decile portfolios can be found in French [2012] .
METHODOLOGY
This article aims to address the relation between a measure of stock correlation and a decrease of riskadjusted performance of basic quantitative investment strategies. In this section, we show how we define and compute the time series of returns for each investment strategy and the strategy-specific measure of correlation.
The investment strategies' construction relies on the decomposition of the investible universe in deciles according to factors. For the sake of simplicity, we have re-ordered deciles by decreasing risk premia. Based on these time series, we construct four basic investment strategies: value, momentum, size, and mean reversion. Each strategy is market neutral (dollar neutral) and is long the first decile and short the tenth decile. Although the basic factors have a monthly/yearly frequency, the strategies are rebalanced at a monthly frequency; that is, the long and short portfolios are re-equilibrated at a monthly frequency.
As our objective is to study the risk-adjusted performance, we standardize the returns to a volatility of 7%, ex ante and by using a leverage factor. If the ex ante estimated volatility is greater than the target volatility, both long and short positions are reduced accordingly; if it is lower, they are both increased. In other words, we match the target volatility by modifying the notional
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List of Fama-French Factors Used, with Short Description and Rebalancing Frequency exposure ex ante. While practitioners often use very complex and sophisticated methods to control risk ex ante and/or to forecast volatility, here we use the historical realized volatility over a 12-month rolling window of daily data as a proxy for estimated volatility. Although this simplistic methodology would not be appropriate in a real investment framework, we believe that it is sufficient for the scope of this study and has the advantage of easy reproducibility.
As already noted, we neglect all issues related to practical implementation, particularly transaction costs and constraints on short-selling. In a real back test, these constraints would have a major effect on performance. Additionally, over a period as long as the one considered here, transaction costs and short fees would be time varying, and trade/short sale constraints very important. In this respect, this study should be regarded as theoretical. The implementability of classical stock-market trading strategies has been discussed extensively in the literature (see Bushee [2006] for a comprehensive discussion on the topic).
In order to assess the extent to which changing correlation structures may affect the efficacy of different investment strategies, we use the variance explained by the first eigenvector of the principal component analysis decomposition of the correlation matrix of the deciles. We will refer to this quantity as correlation explained by the first eigenvector or simply as explained correlation. Principal component analysis is a statistical technique used to simplify a dataset and reduce its dimensionality. It identifies a linear transformation choosing a new coordinate system for the dataset, such that the greatest variance by any projection of the dataset is on the first axis (the first principal component), the second-greatest variance on the second axis, and so on. In our case, the first principal component can be interpreted as the portfolio explaining the maximum of correlation, and so on. It clearly represents the underlying risk premium common to all deciles.
The economic logic behind this procedure is that if the deciles become more dependent on a common risk premium, the investment strategy that is long the first and short the last decile will be noisier. It will therefore experience a decline in risk-adjusted performance and will have greater difficulty generating a positive excess return. In practice, at rebalancing dates, we construct a sample 10-by-10 ex ante correlation matrix, using the decile's historical returns. We use a rolling window of 12 months of daily data and skip the last two days. Once the correlation matrix has been computed, we perform the principal component analysis decomposition and take the variance explained by the first eigenvector as our measure of correlation. A basic introduction on principal component analysis can be found in Hull [2005] and Shlens [2009] ; more advanced readers may refer to Jolliffe [2002] .
EMPIRICAL RESULTS
The four investment strategies constructed can generate an excess return over the very long period considered (1928 to 2012) and show low correlation among them. Exhibit 2 reports the annualized excess return and annualized volatility of the four investment strategies, together with the average leverage used. The momentum strategy incurs higher turnover than do the value and size strategies, and the mean-reversion strategy involves turnover that is higher still, so that the theoretical performance results are likely to be somewhat higher than what would be possible in practice. The data clearly recall this experiment's theoretical framework: Performances should not be confused with reallife expected returns. We also notice that our simplistic approach used to target the volatility ex ante is not very effective, although acceptable in the framework of this study. However, one could argue that there is a relationship between the volatility and the correlation explained by the first eigenvector, thus invalidating the results. We address this point later.
Exhibit 3 shows correlations between strategies on monthly time series over the period from 1928 to 2012. Apart from a relatively small correlation between value and size, the strategies are overall rather orthogonal. This is a well-known property of these classical invest-
E X H I B I T 2
Annualized Excess Return, Annualized Volatility, and Average Leverage of the Four Investment Strategies Studied ment strategies; practitioners exploit it in multi-strategy investment processes.
Exhibit 4 shows the correlation explained by the first eigenvector for the four strategies. As discussed, we are considering the variance explained by the first eigenvector of the correlation matrix of deciles. The explained correlation is time varying and has increased in recent years, relative to levels during the 1990s. Apart from the economic meltdown of 2008, we can easily notice an increase of explained correlation in the periods around major financial crises or events, such as the Wall Street crash of 1929 , World War II (1939 to 1945 ), Black Monday (1987 , and the Russian financial crisis (1998) .
In the following, we partition the data sample into quintiles of explained correlation, each containing 20% of events. Exhibit 5 compares the annualized strategy returns as a function of explained correlation for the four strategies. Each panel in Exhibit 5 is dedicated to one strategy and offers a bar plot showing annualized excess return per quintile and a table showing the median explained correlation, the annualized excess return, the annualized volatility, the number of monthly events, and the annualized error associated with the excess returns. We compute the error on the excess return estimate as the standard deviation of the mean. We annualize, multiplying by 12 in case of mean and by 12 in case of standard deviations.
The data indicate that when the explained correlation rises, the strategies experience a decline in riskadjusted performance, suggesting that they are caught in a correlation trap. These results suggest that portfolio managers and other practitioners should be aware of In order to more deeply analyze the relationship between explained correlation and excess return, we have performed a linear regression of the excess return (the dependent variable) against the median of the explained correlation per quintile (the independent variable). The method we use is ordinary least squares. Although one could question whether this is the optimal tool for this study, here the use of regression is intended to be heuristic. We find negative slope coefficients of −0.40 (t-stat 2.1), −0.58 (t-stat 3.8), −0.43 (t-stat 1.3), and −0.91 (t-stat 1.9), respectively, for value, momentum, size, and mean reversion strategies. T-stats higher than two indicate slope coefficients statistically significant at a 95% confidence level. Using deciles instead of quintiles leads to similar results (details in Appendix).
The data in Exhibit 5 also show that our method of controlling the volatility ex ante is homogeneous across all quintiles. The ex ante volatility is underestimated across all quintiles and strategies, and the dif- ferences in volatility cannot explain the difference in performance.
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Is the Correlation Trap a New Phenomenon?
One interesting question is the sensibility of the results with respect to the last few years. As previously discussed, many practitioners believe that the efficacy of these investment strategies has declined in recent years, relative to their performance in earlier periods; correlation has also increased. This could lead us to think that the results are strongly dependent on the events of the last decade and are the expression of the author's in-sample experience. However, Exhibit 6 reports the results of an ordinary least squares regression of excess returns versus the median explained correlation obtained when excluding the last 3, 5, and 10 years from the historical sample. The results are robust, showing that the correlation trap is a long-term characteristic of all four investment strategies. Although t-stats are not always statistically significant at a 95% confidence level, regression coefficients are negative and fairly stable, except for mean reversion where a decrease is observed. Since the financial crisis of 2008, much has been said about the failure of quantitative investment and the crowding of classical investment strategies. However, the phenomenon seems to have existed well before and should be expected for this type of investment. Our results suggest that the correlation trap is not exclusively linked to the rise of quantitative investing during the last decade, although this latter may have exacerbated an existing characteristic ( Jones [2010] ).
CONCLUSION
Within the limit of the theoretical framework used, our analysis points to a relation between the performance of classical equity investment strategies and the measure of correlation that is proposed herein: all studied strategies, namely value, momentum, size, and mean reversion, have the tendency to experience a decrease in risk-adjusted performance when the variance explained by the first eigenvector of the decile correlation matrix increases. This relation makes economic sense and is supported by empirical evidence.
Over the last 85 years, equity investment strategies were often caught in a correlation trap. This information has implications for the way quantitative portfolio managers build their portfolios and for the allocation process performed by asset managers and consultants. Additionally, as the explained correlation is computed ex ante (at each point in time, investors use only past data), our methodology could be helpful as part of a practitioner's effort to time quantitative factors. Finally, risk managers can use the proposed technique to monitor investments' "crowded trade" risk.
Our results suggest that these strategies' weak performance in recent years is not at all unprecedented. Our analysis shows that even before quantitative investing took an important role in the financial markets, the underlying factors sometimes got caught in correlation traps, resulting in lower returns. Over the long run, these strategies may still be effective. But practitioners and asset owners should also be aware that, based on historical experience, there may also be extended periods when these strategies deliver weak or negative returns.
A P P E N D I X
We performed a linear regression of the excess return (the dependent variable) against the median of the explained correlation per decile (the independent variable). The data are reported in Exhibit 7. Again, we used the ordinary least squares method. We find negative slope coefficients of −0.41 (t-stat 2.4), −0.51 (t-stat 2.3), −0.53 (t-stat 1.5), and −0.82 (t-stat 1.9), respectively, for value, momentum, size, and mean-reversion strategies. t-Statistics higher than two indicate slope coefficients that are statistically significant at a 95% confidence level.
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